Tarkianite, a new mineral species of ideal composition (Cu,Fe)(Re,Mo) 4 S 8 , was recently discovered in sulfide concentrate from the Hitura Ni-Cu-PGE mine, Nivala, western central Finland. It is associated with pyrrhotite, pentlandite, valleriite, chalcopyrite, cubanite, mackinawite, chromite, and the PGE minerals sperrylite, michenerite, irarsite, froodite and hollingworthite. It is black, opaque with a metallic luster, a black streak, and is brittle with an irregular fracture. VHN 15 is in the range 537-584, which corresponds to a Mohs hardness of 5½ to 6. Under reflected plane-polarized light, the mineral is light brown-gray and isotropic. The CIE color values (illuminant C) are: x 0.314 (air), 0.315 (oil); y 0.321 (air), 0.323 (oil) Y: 38.9 (air), 21.7 (oil); d: 575 (air), 573 (oil); P e %: 2.1 (air), 3.2 (oil). The measured values of reflectance in air and oil for a single grain, respectively, are 38.02, 20.91 (470 nm), 37.87, 21.76 (546 nm), 39.18, 21.84 (589 nm), 39.30, 22.12 (650 nm) and values for 400-700 nm are tabulated. Tarkianite is cubic, F43m (by analogy with the synthetic equivalent), with unit-cell parameter refined from powder data: a 9.563(1) Å, V 874.5(1) Å 3 , Z = 4. plex is 1877 ± 2 Ma, determined on zircon from a crosscutting dyke of granitic pegmatite. The ore (Häkli et al. 1976) consists of 1) fine-grained sulfides disseminated in the serpentinite core, 2) medium-grained sulfides disseminated in the serpentinite and amphibole-dominant rock, and 3) high-grade interstitial disseminated sulfides and massive accumulations in an amphibole-dominant rock at the contact zones. In the core of the intrusive body, the main sulfides are pentlandite, mackinawite and valleriite. In the marginal zones, the main ore lodes consist of dense disseminations and net-textured primary intergrowths of pyrrhotite, pentlandite and mackinawite with secondary films of magnetite along cleavage planes of the sulfides. Chalcopyrite and graphite are common, and less common ore minerals include cobaltite, maucherite, nickeline, parkerite, native gold, Au-Ag alloy, native bismuth, pilsenite, tellurobismuthite, galena, altaite, clausthalite, ilmenite, chromite, cassiterite, monazite and uraninite. Tarkianite occurs with the primary sulfides and PGM. The concentrates were investigated for a detailed PGM study, as a follow-up to a previous study by Häkli et al. (1976) . This earlier study showed that sperrylite is the only Ptbearing mineral, and that the Pd-bearing minerals include michenerite, froodite, Pd-bearing irarsite and an undefined Pd-bearing Bi-Ni telluride resembling melonite. Iridarsenite, irarsite and hollingworthite were reported as Ir-and Rh-bearing minerals.
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Other occurrences
The first discovery of a phase corresponding to the formula Cu(Mo 2 Re 2 )S 8 was made at two localities in Sweden (Ekström & Hålenius 1982) , where it is intergrown with an undefined phase of composition (Ni,Pd) 5 (Te,Bi) 8 in pyrrhotite and at the contact between siegenite and chalcopyrite. At the Coldwell complex, Ontario, a sulfide hosted by pyrrhotite and corresponding to the (approximate) formula (Re,Mo,Fe,Cu) 2 S 3 was described by Mitchell et al. (1989) . At Stillwater, Mon-
INTRODUCTION
The new mineral species described here, tarkianite, with a general formula (Cu,Fe,Co,Ni)(Re,Mo,Os) 4 S 8 , was recently discovered in samples of sulfide concentrate obtained from the Hitura Ni-Cu-PGE mine, Nivala, west-central Finland. The grains were found in a heavy-mineral concentrate containing pentlandite, chromite, pyrrhotite, and PGM (platinum-group minerals), consisting of sperrylite (81.1%), michenerite (6.6%), irarsite (1.9%), froodite (6.9%), hollingworthite (1.9%) and an undefined Rh-Ni-Co sulfarsenide. The average contents of the PGE (platinum-group elements, in ppb) in the sulfide concentrate are: Ir 51, Os 20, Pd 417, Pt 1125, Rh 123 and Ru 46. The average Re content is 20 ppb. The mineral is named tarkianite in honor of Professor Dr. Mahmud Tarkian (b. 1941) , University of Hamburg, Germany, in recognition of his important contributions to ore mineralogy. Tarkian et al. (1991) previously described this phase from the Stillwater Complex, Sweetwater County, Montana, and resolved the crystal structure of the synthetic equivalent. The mineral and mineral name have been approved by the Commission on New Minerals and Mineral Names, IMA (2003-004) . A polished section containing tarkianite grains is preserved in the collection of the Finnish Museum of Natural History, Geological Museum, University of Helsinki, Helsinki, Finland, under sample number C4001.
THE TYPE LOCALITY AND OTHER OCCURRENCES

The type locality
The Hitura mine is located about 13 kilometers south of the town center of Nivala in western central Finland (lat. 63°51'N, long. 25°02'W). The Ni-Cu-PGE ore is hosted by serpentinized ultramafic intrusions and averages Ni 0.67, Cu 0.25, Co 0.03, S 3.0 %, Pt 0.1 and Pd 0.1 ppm. The minimum U-Pb age of the Hitura com-tana, a phase with an empirical formula (Cu 0.84 Fe 0.20 Ni 0.04 ) ⌺1.08 (Re 2.72 Mo 1.16 ) ⌺3.88 S 8.00 is enclosed in pentlandite and pyrrhotite in a high-temperature magmatic assemblage (Volborth & Housley 1984 , Volborth et al. 1986 , Tarkian et al. 1991 . At Lukkulaisvaara, Karelia, Russia (Barkov & Lednev 1993) (Peltonen et al. 1995) . At Monchegorsk, Kola Peninsula, Russia, a sulfide with similar chemical composition was found within hexagonal pyrrhotite by one of us (VVK) after the discovery of tarkianite at Hitura.
MATERIAL AND METHODS OF INVESTIGATION
Tarkianite was identified in a polished specimen prepared from a PGM concentrate that was obtained using a gravimetric hydroseparation method [developed by one of us (VVK) (http://www.natires.com/)]. The grains were located during routine back-scattered electron imaging with a Cameca SX-50 electron microprobe equipped with a PGT energy-dispersion spectrometer (EDS) as detector. The micro-indentation hardness was measured with a Leitz Durimet tester. The X-ray powder-diffraction data were obtained with a DebyeScherrer camera 114.6 mm in radius, employing CuK␣ radiation. The reflectance values were measured using a computerized Zeiss MPM microphotometer and Zeiss standard WTiC (Nr 326). The measurements were made every 20 nm, both in air and using standard immersion oil. For the light source of the Zeiss microscope, we used a 100 W halogen lamp (diaphragm 0.15, measuring objective 16ϫ). The area of measurement was 5 m in diameter.
GENERAL APPEARANCE AND PHYSICAL PROPERTIES
Tarkianite is black and opaque with a metallic luster. The color of the streak is black, and grains are brittle with an irregular fracture. Some grains show an idiomorphic cubic morphology (Fig. 1) ; the grain size is <75 m. Tarkianite grains are associated with pentlandite and sperrylite in the polished mounts made of the concentrates.
Optical properties
Under plane-polarized reflected light in air, tarkianite is light grey and isotropic. Under oil immersion, the mineral has a light brown-gray color. Reflectance measurements were made every 20 nm in both air and oil from 400 to 700 nm (Table 1, Fig. 2 ). The values for the standard wavelengths 470, 546, 589 and 650 nm were calculated. 
Physical properties
The grains available, all less than 75 m in size, were mounted in epoxy. The grains are very fragile; we found it difficult to measure hardness without breaking them. Therefore, micro-indentations were made with a 15 g load, which still led to slight fracturing of the measured grains. Only two successful micro-indentation hardness measurements were made, and these gave values of VHN 537 and 584, with a mean of 561 kg/mm 2 . This corresponds to a Mohs hardness of 5½ to 6. The calculated density, 7.30 g/cm 3 , is based on the averaged empirical formula derived from the electron-microprobe analyses and the unit-cell parameter refined from the X-ray powder-diffraction data.
X-ray crystallography
The powder-diffraction data are presented in Table 2 . The mineral is cubic, space group F43m, and the refined unit-cell parameter, a 9.563(1) Å, V 874.5(1) Å 3 , Z = 4, is refined from 17 powder-diffraction reflections (Table 2) , representing d values between 5.531 and 1.246 Å for which unambiguous indexing was possible based on an analogy with the synthetic equivalent. Comparable powder-diffraction data for the synthetic equivalents are presented in the Powder Diffraction File: 84-2349 (calculated), 80-2304 (calculated), 47-1360 (experimental), 44-149 (experimental) and 34-1384 (experimental) . Tarkian et al. (1991) and Kohlmann & Schulz (1993) (Table 3) , based on a total of thirteen atoms.
DISCUSSION
Tarkianite is characterized as a new mineral species with a cubic spinel-derivative structure with general formula A 1 Ⅺ 1 B 4 S 8 , space group F43m, and an ideal chemical composition (Cu,Fe,Ni,Co)(Re,Mo,Os) 4 S 8 .
The tetrahedrally coordinated A sites are only half occupied by Cu, Fe, Ni and Co (Tarkian et al. 1991) , and the B-site atoms are statistically occupied by Mo, Re and Os, and form tetrahedral clusters with metal-metal bonding distances of 2.81 Å (Perrin et al. 1975 (Perrin et al. , 1976 . The apparent valences of the elements are 1+ for Cu, 2+ for Fe, Ni, Co, 3+ for Mo and 4+ for Re and Os (Umarji et al. 1979) , which leads to a general formula of [Cu 1-x (Fe,Ni,Co) x Ⅺ 1 ][(Re,Os) 3-x Mo 1+x )S 8 .
The chemical compositions of the Re-Mo-Cu sulfides found at various localities spatially cluster in the (Cu + Fe + Ni + Co) -(Re + Os + Mo) -S triangular diagram and in the S -(Re + Mo + Os) binary diagram (Figs. 3a, b) , and most probably represent the same mineral phase. However, without complete optical, physical and X-ray-diffraction data, the above hypothesis cannot be tested, except in the case of the complete description of (Cu 0.84 Fe 0.20 Ni 0.04 ) ⌺1.08 (Re 2.72 Mo 1.16 ) ⌺3.88 S 8.00 from Stillwater and its synthesized equivalent (Tarkian et al. 1991) .
